The value of data analysis has become unprecedentedly recognized in the last decade. Nowadays, the great potential of data is appreciated by people from various backgrounds. From public relation experts to strategy makers; from big companies in silicon valley to scientists in fundamental sciences, people are devoting tremendous amount of attention, money and time to exploring its value. According to EMBL the total size of bioinformatics databases has grown to 70 Petabytes in 2015 (10 9 MBytes); Twitter users generate 250 million posts every day.
The difficulty of storing, processing and analyzing big data has been recognized for a long time. However, the term "big data" gained great attention in recent years because of the big advancement in technologies. New infrastructures such as MapReduce, HDFS, Hadoop, NoSQL databases and GPU computation as well as deep neural networks algorithms such as LSTM and CNN rekindled the enthusiasm.
Associative patterns between sets of objects are of interest in many disciplines such as social networks, economics and biology. The goal is to discover the interactions or relations between sets of objects. Although many approaches have been proposed, most focus on interactions between single objects, considered using similar characteristics of objects. In this dissertation, we focus on associative patterns recognition in bioinformatics area.
Bioinformatics is the ensemble of computational approaches to large-scale information analysis in biological data. It is now considered to be a self-contained branch of molecular biology, and helps researchers to better understand life systems; invent new diagnosis or treatment procedures; and design highly efficient medicines in target based therapies using data-centric techniques. Bioinformatics research accelerates the development of fundamental advances in biological hypothesis generation, data analysis and modeling, and provides tools for pharmaceutical, biomedical, chemical and even insurance companies. It encompasses a wide spectrum of topics that address questions about biological composition, structure, function and evolution of molecules, cells, tissues and organisms by computational methods that include mathematical modeling, machine learning and data mining. Biological regulation is defined as any process which modulates the frequency, rate or extent of biological processes, where computational approaches for recognizing interactions between objects (i.e., genes, RNAs, promoters, transcription factors and histone modifiers) are crucially important in hypotheses generation and experiment design.
In protein-DNA associative pattern recognition, we introduce an efficient algorithm for affinity test by searching for over-represented DNA sequences using a hash function and modulo addition calculation. This substantially improves the efficiency of next generation sequencing data analysis. In gene regulatory network inference, we propose a framework for refining weak networks based on transcription factor binding sites, thus improved the precision of predicted edges by up to 52%. In histone modification code analysis, we propose an approach to genome-wide combinatorial pattern recognition for "histone code to function" associative pattern recognition, and achieved improvement by up to 38.1%. We also propose a novel shape based modification pattern analysis approach, using this to successfully predict sub-classes of genes in flowering-time category. We also propose a "combination to combination" associative pattern recognition, and achieved better performance compared against multi-label classification and bidirectional associative memory methods. Our proposed approaches recognize associative patterns from different types of data efficiently, and provides a useful toolbox for biological regulation analysis. This dissertation presents a road-map to associative patterns recognition at genome wide level.
